


REMARKS 



Reconsideration and allowance of the present application are respectfully requested. Claims 
1-27 (total number of claims 27) remain pending in the present application. Claims 1, 4-7 5 10-14, 16, 
19-21 and 25 are independent claims. Claims 13-25 have been withdrawn from consideration. 

The Substitute Specification corrects the specification in order to remove the references to 
specific claims as noted in the objection by the Examiner. Applicant submits that no new matter has 
been added by the Substitute Specification. 

In view of the foregoing, the claims are now believed to be in form for allowance, and such 
action is hereby solicited. If any point remains in issue which the Examiner feels may be best 
resolved through a personal or telephone interview, he is kindly requested to contact the undersigned 
at the telephone number listed below. 

Attached is a marked-up version of the changes made to the specification by the current 
amendment. The attached Appendix is captioned " Version with markings to show changes 
made ". 

All objections and rejections having been addressed, it is respectfully submitted that the 
present application is in a condition for allowance and a Notice to that effect is earnestly solicited. 
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IN THE SPECIFICATION : 

The specification has been changed as shown in the attached "Marked Up Copy" of the 
Specification. 

END OF APPENDIX 
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5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a multilayer printed 
wiring board manufacturing apparatus and method and a laser 
10 processing apparatus, particularly to a multilayer printed 
wiring board manufacturing apparatus and method to form 
fine holes at a low cost and a laser processing apparatus. 

Description of Related Art 

15 A build-up multilayer wiring board alternately has 

inter layer resin insulators and conductive circuit layers, 
provides holes to the inter layer resin insulator layers and 
then electrically connects the upper layers and lower 
layers by forming conductive films at the wall surface of 

20 these holes. 

A hole (via hole) of the inter layer resin insulating 
layer is generally formed through the exposure and 
developing process by giving photosensitive property to the 
inter layer resin. 

25 However, the diameter of these via holes on the 

multilayer printed wiring board is almost 100 jam or less 
and it is expected to develop the technology to form the 
via hole having still smaller diameter. Because of such 
requirement, employment of the processing method utilizing 
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the laser beam for the boring of the build-up multilayer 
wiring board is now investigated. 

A technology using laser for the boring is proposed, 
for example, in the Japanese Published Examined Patent No. 
5 HE I 3-54884. In this technology, a light beam from the 
laser source is received by a processing head for 
deflection. Thereby the laser beam is irradiated to a 
predetermined resin insulator to form a through hole. 

However, a multilayer wiring board has via holes in 

10 one layer in the number ranging from several hundreds to 

several tens of hundred and is also required to have higher 
positional accuracy because the via holes must be 
electrically connected with conductive circuits of the 
lower layer. Therefore, it has been required to enable the 

15 positioning of laser with higher accuracy in order to 

realize mass-production of the multilayer printed wiring 
board. 

Namely, it is required to accurately measure the 
substrate position to embody the automatic control for mass 

20 production. 

As a method of measuring the substrate position, an 
ordinary method has been introduced in which a positioning 
mark provided on the substrate is read with a camera to 
measure the position. 

25 However, in the case of a multilayer printed wiring 

board, the positioning marks are often formed on a lower 
layer of the resin layer to be eliminated by a laser beam 
and if it is attempted to read the light beam reflected 
from the positioning mark under the resin layer, it is 
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sometimes difficult to accurately read the reflected beam 
through reflection by the resin layer. 

Therefore, the inventors of the present invention has 
proposed, as a method of accurately reading the positioning 
5 mark, to read the positioning mark from a silhouette by 
making use of the transmitting light beam of the light 
applied to the multilayer printed wiring board from the 
lower side. 

However, since the multilayer printed wiring board is 
10 placed on an X-Y table, when the light is applied to the 

substrate from the lower side, it is thought that the table 
itself or a driver motor for driving the table wi I I 
i nterfere the application of light beam. 

Moreover, since the substrate is always moving by 
15 means of the X-Y table, it is also difficult to always 

apply the light beam from the lower side of the positioning 
mark which moves in combination with the X-Y table. 
Moreover, a problem like this arises not only in the 
multilayer printed wiring board but also in automatic laser 
20 process. 

On the other hand, in order to bore the via holes and 
through holes of the multilayer printed wiring board, a 
laser beam in such a wavelength as generating heat in the 
inter layer resin must be used and the C0 2 laser or excimer 
25 laser are considered as such laser source. The excimer 

laser has the wavelength as short as 248 nm in KrF, 308 nm 
in XeCL and 193 nm in ArF are and is suitable for formation 
of a small diameter via hole. 

However, the excimer laser results in rise of product 
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cost, when it is introduced into the industrial use, 
because the apparatus cost becomes high, and further, parts 
such as lens are easily deteriorated because of short 
wavelength and these parts must be replaced frequently, and 
5 the expensive excimer gas must be supplemented and replaced 
within a short period. 

Regarding this point, the C0 2 laser having a 
relatively longer wavelength is rather suitable for 
industrial use because not only output level is high and 

10 the apparatus cost is low but also repair of lens, for 

example, is not required and supplement of C0 2 laser can be 
realized at a low price, however when laser beam output is 
raised to form a deeper hole, hole diameter of via hole 
becomes larger. In addition, the hole in diameter of 100|im 

15 which is about 10 times the wavelength (10.6 ^un) can be 
bored easi ly but the hole in diameter of 50 |um or less 
which is about 5 times the wavelength is bored with 
considerable difficulty. 

Such problem is generated also when the C0 2 laser is 

20 used as the laser source for processing, in addition to the 
multilayer printed wiring board. 

Moreover, in the manufacturing apparatus of a 
multilayer printed wiring board of the related art, since 
several thousands to several tens of thousand via holes are 

25 bored in the multilayer printed wiring board, a longer time 
has been required to bore the holes of only one layer with 
the laser and the processing time becomes very long when 
such laser process is repeated for multiple layers. 
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DISCLOSURE OF THE INVENTION 
It i s an [object] aspect of the present invention to 
provide an apparatus and a method of manufacturing a 
multilayer printed wiring board which, while securing the 
5 position accuracy of via holes, bore hundreds or thousands 
of holes by use of laser beam radiation. 

It is therefore another [object] aspect of the 
present invention 

to provide an apparatus and a method of manufacturing a 
10 multilayer printed wiring board which can form via holes of 
ultra-fine diameter at a low cost and also provide a laser 
processing apparatus which can form holes of ultra-fine 
d i ameter. 

It is another [object] aspect of the present 
15 invention to provide a laser processing apparatus, an 
apparatus and a method of manufacturing a multilayer 
printed wiring board which can read accurately the 
positioning marks. 

It is further another [object] aspect of the present 
20 invention to provide a laser processing apparatus which can 
reduce the processing time. 

Moreover, it is still further another object of the 
present invention to provide an apparatus and a method of 
manufacturing a multilayer printed wiring board which can 
25 reduce the time required to form the via holes of a built- 
up type multilayer printed wiring board. 
[DISCLOSURE OF THE INVENTION] 

In order to attain the [objects] aspects explained 
above, an apparatus of manufacturing a multilayer printed 




wiring board [of claim 1] is characterized from the 
technical viewpoint that: 

it is used for processing a multilayer printed wiring 
board having an inter layer resin insulator; 
5 it comprises a processing laser source, a scanning 

head for deflecting the direction of laser beam toward the 
X-Y directions, a camera to read the positioning marks of 
the multilayer printed wiring board, an X-Y table for 
placing the multilayer printed wiring board, an input 
10 section for inputting the processing data of the multilayer 
printed wiring board, a memory section for storing the 
processing data or the arithmetic operations result, and an 
arithmetic operating section; 

the processing data is input from the input section 
15 and this data is then stored in the memory section; 

the positions of the positioning marks of the 
multilayer printed wiring board placed on the X-Y table is 
measured with the camera; 

the processing data input on the basis of the 
20 measured position is corrected to generate the data to 
drive the scanning head and the X-Y table in the arithmetic 
operating section and this driver data is then stored in 
the memory section; and 

the drive data is read from the memory section in the 
25 control section and the laser beam is radiated to the 
multilayer printed wiring board by controlling the X-Y 
table and the scanning head to form the holes by 
e I imi nat i ng the inter layer resin layer. 

In order to attain the [objects] aspects described 
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above, the method of manufacturing a multilayer printed 
wiring board [of claim 4 is] characterized from the 
technical view point in comprising the steps of: 

forming the positioning marks and inter layer 
5 insulating layer on the multilayer printed wiring board; 

placing the multilayer printed wiring board having 
formed the positioning marks on the X-Y table of the 
multilayer printed wiring board manufacturing apparatus 
comprising the processing laser source, the scanning head 

10 for deflecting the direction of laser beam to the X-Y 

directions, the camera for reading the positioning marks on 
the multilayer printed wiring board, the X-Y table for 
placing the multilayer printed wiring board, the input 
section for inputting the processing data of the multilayer 

15 printed wiring board, the memory section for storing the 

processing data or the arithmetic operations result and the 
arithmetic operating section and also inputting the 
processing data to this apparatus; 

measuring the positions of the positioning marks on 

20 the multilayer printed wiring board with the camera, 

correcting the input processing data based on the measured 
positions of the positioning marks in the arithmetic 
operating section to generate the data for driving the 
scanning head and X-Y table and storing this drive data to 

25 the memory section; and 

reading the drive data from the memory section i n the 
control section radiating the laser beam to the multilayer 
printed wiring board by controlling the X-Y table and the 
scanning head to eliminate the inter layer resin layer in 
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order to form the holes. 

In the present invention, since position of the 
positioning mark is measured with a camera to actually 
measure the position of the substrate by forming in advance 
5 the positioning mark at the predetermined position of the 
multilayer printed wiring board, the position of the 
substrate is measured, and deviation of the substrate 
position is corrected from the input processing data and 
actually measured value of the substrate to generate the 

10 scanning head and X-Y table drive data. Thereby, the 
scanning head and the X-Y table are driven depending on 
this drive data. As a result, boring of many via holes of 
several hundreds to several tens of hundred can be realized 
while keeping the higher positional accuracy. 

15 In the present invention, it is desirable that the 

positioning mark of the multilayer printed wiring board is 
formed of a metal conductor. It is because when the mark 
is read with the beam reflected from the positioning mark, 
a metal assures a higher reflectivity and it may be easily 

20 read by the camera. Moreover, in the case where the 

positioning mark is read with the transmitting light beam, 
since the metal does not transmit the light beam, the 
positioning mark can be recognized by a silhouette and can 
easi ly be read by the camera. 

25 Moreover, it i s a I so desirable that the positioning 

mark is formed simultaneously with a conductive circuit, 
because it is not required, in this case, to additionally 
provide the process to form the positioning mark. 

Specifically, at the time of forming a conductor 
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pattern by etching a copper clad laminated plate, the 
positioning marks may be formed. Moreover, a plating 
resist is provided at the conductor circuit and the 
positioning mark non-forming area and thereby the 
5 conductive circuit and the positioning mark can be formed 
simultaneously by the plating. 

As explained above, when the conductor circuit and 
positioning mark are formed simultaneously, it is desirable 
to use an inter layer resin insulator having a light 

10 transmi ss i vity because the positioning mark is covered with 
the inter layer resin insulator. 

The inventors of the present invention have made 
efforts to investigation to find a cause of increase in 
diameter of the via holes, etc. As a result, it has been 

15 proved that the C0 2 laser has the wavelength as long as 10.6 
|um, the spot diameter becomes large when the light is 
focused due to the influence of diffraction of laser beam 
and when an output is increased, the hole diameter becomes 
larger than the preset value. 

20 Therefore, it has also been found that diffraction of 

laser beam can be controlled and the spot diameter when the 
light beam is focused can be set as small as possible to 
form the via hole having the small diameter when the laser 
beam has a longer wavelength. 

25 The present invention has been proposed based on such 

finding and thereby the apparatus for manufacturing the 
multilayer printed wiring board described in [claim 5] the 
appended claims discloses a multilayer printed wiring board 
manufacturing apparatus comprising a C0 2 laser source, a 
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scanning head for deflecting the direction of the laser 
beam to the X-Y directions or an X-Y table for displacing 
the position of the multilayer printed wiring board and is 
characterized in the technical view point by that the laser 
5 beam oscillated from the C0 2 laser source is given the 
shortened wavelength by a harmonic wave generating means. 

Moreover, the multilayer printed wiring board 
manufacturing apparatus described in [claim 6] the appended 
claims discloses a multilayer printed wiring board 

10 manufacturing apparatus comprising a processing laser 

source, a harmonic wave generating means for converting the 
laser beam oscillated from the processing laser source to a 
shortened wavelength laser beam in the second harmonic 
wave, a scanning head for deflecting the direction of the 

15 laser beam toward the X-Y directions or an X-Y table for 
displacing the position of the multilayer printed wiring 
board and is also characterized from the technical view 
point by that the wavelength of the processing laser source 
is ranged from 720 nm or less to the shortest wavelength or 

20 more of the laser source or from 6000 nm or more to the 
maximum wavelength or less of the laser source. 

Moreover, the multilayer printed wiring board 
described in [claim 7] the appended claims comprises: 

a C0 2 laser source, a scanning head for deflecting the 

25 direction of laser beam to the X-Y directions, a camera for 
reading the target mark on the multilayer printed wiring 
board, an X-Y table for placing the multilayer printed 
wiring board, an input section for inputting the processing 
data of the multilayer printed wiring board, a memory 
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section for storing the processing data or the arithmetic 
operations result and an arithmetic operating section in 
order to: 

input the processing data from the input section to 
5 store it to the memory section; 

measure, with the camera, the position of the target 
mark of the multilayer printed wiring board placed on the 
X-Y table; 

generate, in the arithmetic operating section, the 

10 data for driving the scanning head and the X-Y table from 
the measured position and the input processing data and 
then store this data to the memory section; 

read, in the control section, the drive data from the 
memory section and radiate the laser beam to the multilayer 

15 printed wiring board by controlling the X-Y table and the 
scanning head to eliminate the inter layer resin layer in 
order to form the hole; and is also characterized in the 
technical view point by that the laser beam oscillated from 
the C0 2 laser source is converted to the shortened 

20 wavelength beam in the second harmonic wavelength by the 
harmonic wave generating means. 

Moreover, the multilayer printed wiring board 
manufacturing method described in the appended claims [10] 
discloses a multilayer printed wiring board manufacturing 

25 method using a manufacturing apparatus comprising a C0 2 

laser source, a harmonic wave generator for converting the 
laser beam from the C0 2 laser source to the shortened 
wavelength in second harmonic wave, a scanning head for 
deflecting the direction of laser beam to the X-Y 
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direction, a camera for reading the target mark of the 
multilayer printed wiring board and an X-Y table for 
placing the multilayer printed wiring board and is 
characterized in the technical view point in comprising the 
5 steps of: 

measuring the position of the target mark of the 
multilayer printed wiring board having the interlayer resin 
insulator placed on the X-Y table; 

generating the data for driving the scanning head and 
10 the X-Y table from the measured position and the processing 
data ; 
and 

eliminating the interlayer resin layer and forming 
holes by controlling the Y-Y table and the scanning head 
15 based on the drive data and radiating the shortened 

wavelength laser beam in the second harmonic wave from the 
harmonic wave generator to the multilayer printed wiring 
board. 

The present invention converts the laser beam from 
20 the laser source to the shortened wavelength wave by the 
harmonic wave generating means to control the diffraction 
of laser beam and also can reduce the spot diameter of 
laser beam, when the laser beam is focused, by making small 
the limit value of the focusing limit. As a result, when 
25 an output of the laser beam is raised to form a deeper 

hole, the hole diameter is not widened. Therefore, the via 
hole and small diameter hole can also be formed. 

As the laser source explained above, the C0 2 gas is 
desirable because the apparatus is low price and provides 
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an high output and assures also a lower running cost. 

As the harmonic wave generating means, a waveguide or 
a bulk of non- linear optical crystal may be used. 

Specifically, a means for reflecting the laser beam 
5 from the C0 2 laser source and for transmitting the harmonic 
generated by non- linear optical crystal is provided in the 
harmonic wave output side of the non- linear optical 
crystal. The laser beam of the light source wavelength is 
reflected and the shortened wavelength laser beam is 
10 transmitted in direct. Thereby, the processing is executed 
only by the shortened wavelength laser beam. 

As the means for reflecting the laser beam from the 
processing laser source and transmitting the harmonic 
generated by the non- linear optical crystal, a thin film 
15 (coating), for example, of sodium fluoride is formed on the 
surface of collimator lens. 

Here, it is recommended to provide the function for 
totally transmitting the laser beam from the processing 
laser source on the incident side of the non- linear optical 
20 crystal, namely in the processing laser source side for the 
purpose of improving the input and output efficiency of 
I ight beam. 

On the incident side of the non- linear optical 
crystal, the thin film of sodium fluoride and silicon, etc. 
25 in which the number of layers and thickness are adjusted is 
formed at the surface of the condenser lens and the end 
face of the non- linear optical crystal as the means for 
giving the function to totally transmit the laser beam from 
the processing laser source. 
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Moreover, it is also allowed that the non-linear 
optical crystal is provided within the laser source and the 
function for reflecting a part of the laser beam of the 
light source wavelength is provided on the incident side of 
5 the non- linear optical crystal or a resonator is formed 

within the processing laser source using a half-mirror. It 
is because the resonator type harmonic wave generator 
assures high conversion efficiency and a I so pract i ca I use 
and moreover higher conversion efficiency can also be 
10 obtained by giving a higher output to non- linear optical 
crysta I . 

As the non- linear optical crystal, tellurium is 
preferable. The C0 2 laser which is optimum as the laser 
source assures the far infrared band and realizes the phase 
15 matching of the wavelength of this band. 

When tellurium is used, the cutting angle for the c- 
axis is determined to 6 = 14. 3° in order to realize the 
phase matching for the C0 2 laser. 

Wavelength of the C0 2 laser is 10. 6jjjti and the second 
20 harmonic generated has the wavelength of 5. 3|mn. Therefore, 
the hole in diameter of 50^m which is about 10 time the 
second harmonic can easi ly be formed. 

Here, in order to bore the hole on the inter layer 
resin insulator, wavelength must be 360 nm or less or 3000 
25 nm or more. Therefore, the wavelength of the processing 
laser source assuring shortened wavelength of the second 
harmonic wave must be 720 nm or less or 6000 nm or more. 

The present invention is particularly effective to 
form the hole where the aspect ratio (depth of 
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hole/diameter of hole) is 1.5 or less. 

In order to attain the [object] aspect explained 
above, the multilayer printed wiring board manufacturing 
apparatus described in [claim 13] the appended claims is 
5 characterized in the technical viewpoint by that: 

it is used for processing the multilayer printed 
wiring board having the inter layer resin insulator; 

it comprises a processing laser source, a scanning 
head for deflecting the direction of laser beam to the X-Y 
10 directions, a camera for reading the positioning mark of 
the multilayer printed wiring board, an X-Y table for 
placing the multilayer printed wiring board, an input 
section for inputting the processing data of the multilayer 
printed wiring board, a memory section for storing the 
15 processing data or the arithmetic operations result and an 
arithmetic operating section; and 

the X-Y table is provided with the embedded light 
source at the area corresponding to the positioning mark of 
the multilayer printed wiring board. 
20 Moreover, the multilayer printed wiring board 

manufacturing apparatus described in [claim 14] the 
appended claims is characterized in the technical viewpoint 
by that: 

it is used for processing the multilayer printed 
25 wiring board having an inter layer resin insulator; 

it comprises a processing laser source, a scanning 
head for deflecting the direction of the laser beam to the 
X-Y directions, a camera for reading the positioning mark 
of the multilayer printed wiring board, an X-Y table for 
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placing the multilayer printed wiring board, an input 
section for inputting the processing data of the multilayer 
printed wiring board, a memory section for storing the 
processing data or the arithmetic operations result and an 
5 arithmetic operating section; 

the X-Y table is provided with an embedded light 
source at the area corresponding to the positioning mark of 
the multilayer printed wiring board; 

the processing data is input from the input section 

10 and it is then stored in the memory section; 

a silhouette, which is formed when the light beam 
from the light source of the X-Y table is shielded by the 
positioning mark, is read by the camera and the position of 
the positioning mark of the multilayer printed wiring board 

15 placed on the X-Y table is measured; 

the data for driving the scanning head and the X-Y 
table is generated from the measured position and the input 
processing data in the arithmetic operating section and 
this drive data is then stored in the memory section; and 

20 []the drive data is read from the memory section in 

the control section to control the X-Y table and the 
scanning head and the laser beam is then radiated to the 
multilayer printed wiring board to eliminate the inter layer 
resin layer in order to form a hole. 

25 In order to attain the [object] aspect described 

above, the multilayer printed wiring board manufacturing 
method described in [claim 16] the appended claims 
discloses the multilayer printed wiring board manufacturing 
method utilizing a manufacturing apparatus comprising a 
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processing laser source, a scanning head for deflecting the 
direction of laser beam to the X-Y directions, a camera for 
reading the positioning mark of the multilayer printed 
wiring board and an X-Y table for placing the multilayer 
5 printed wiring board and also providing the light source 
embedded to the area corresponding to the positioning mark 
of the multilayer printed wiring board and is characterized 
in the technical viewpoint by comprising the steps of: 
forming the positioning mark and inter layer resin 
10 insulator on the multilayer printed wiring board; 

inputting the processing data to the manufacturing 
apparatus ; 

reading a silhouette, with the camera, which is 
formed when the I i ght beam from the I ight source of the X-Y 

15 table is shielded by the positioning mark of the multilayer 
printed wiring board and measuring the position of the 
positioning mark of the multilayer printed wiring board; 

generating the data for driving the scanning head and 
the X-Y table from the measured position and the input 

20 processing data; and 

radiating the laser beam to the multilayer printed 
wiring board by controlling the X-Y table and the scanning 
head on the basis of the drive data to eliminate the 
inter layer resin layer in view of forming the hole. 

25 The laser processing apparatus described in [claim 

19] the appended claims is characterized in the technical 
viewpoint by comprising a processing laser source, a 
scanning head for deflecting the direction of the laser 
beam to the X-Y directions, a camera for reading the 
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positioning mark of a work piece to be processed, an X-Y 
table for placing the work piece to be processed, an input 
section for inputting the processing data of the work piece 
to be processed, a memory section for storing the 
5 processing data or the arithmetic operations result and an 
arithmetic operating section and is also characterized in 
providing a light source at the area of the X-Y table 
corresponding to the positioning mark of the work piece to 
be processed. 

10 The inventors of the present invention have completed 

the present invention, as a result of investigation, by 
finding that the light beam can be always applied from the 
lower side of the positioning mark, without any 
interference of the X-Y table itself or the drive motor, by 

15 embedding the light source at the position corresponding to 
the positioning mark of the X-Y table. 

In the present invention, when a work piece to be 
processed such as a multilayer printed wiring board is 
placed on the X-Y table, since the light source is embedded 

20 to the area corresponding to the position mark of the work 
piece to be processed such as the multilayer printed wiring 
board, the positioning mark is recognized as a silhouette 
because the light from the light source is shielded by the 
positioning mark of the work piece to be processed such as 

25 the multilayer printed wiring board and it is then read by 
the camera. This silhouette is not influenced by the gloss 
of a resin layer even when the positioning mark is provided 
at the lower layer of the resin layer to be eliminated by 
the laser. Moreover, the since the light source is 
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embedded in the X-Y table itself, the light source is never 
shielded by the X-Y table or the drive motor, and since the 
light source moves together with the X-Y table, the light 
can always be applied from the lower side of the 
5 positioning mark and the positioning mark can always be 
recognized even when the X-Y table moves. 

In addition, since it is enough that the light source 
radiates only the positioning mark area, the light source 
area and amount of light can be reduced and thereby the 
10 substrate is never warped and the work piece such as 

substrate is never changed in size by the heat from the 
I i ght source. 

Moreover, since the light source area can be reduced, 
a groove and a hole can be provided to the X-Y table for 

15 the purpose of vacuum absorption and the substrate can 
surely be fixed. 

As the light source used in the present invention, an 
LED (Light Emitting Diode), a laser source, a fluorescent 
light or a small size bulb may be listed. The LED is most 

20 preferable because it is small and light, therefore it does 
not increase an inertia of the X-Y table, assuredly 
realizing a small amount of heat generation and high 
luminance. In addition, it is suitable for mass-production 
of the printed wiring board because it assures a longer 

25 exchange time. As the color of light emitted by this LED, 
green which may be recognized by CCD as the image pickup 
element of camera is preferable. 

As a structure of the light source, an aperture is 
provided to the X-Y table and the light source such as LED 
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and a socket to be connected to the light source are 
embedded in this aperture. The socket is connected to the 
cable wired at the inside or rear surface of the X-Y table 
and this cable is then connected to the external power 
5 supply. 

A rectangular shape is the most preferable for the 
aperture. The positioning mark is formed for each 
insulator layer and therefore these are never overlapped 
with each other. Moreover, the apertures are formed in 

10 lateral on a line while the positioning mark of each layer 
is deviated. Since the aperture is formed in the 
rectangular shape, the positioning mark of each layer can 
be radiated simultaneously with the light beam. 

In the present invention, since the positioning mark 

15 is formed in advance at the predetermined position of the 
work piece such as multilayer printed wiring board, the 
position of the work piece such as substrate is measured 
actually by measuring the position of silhouette of the 
positioning mark with a camera, the data for driving the 

20 ga I vano-m i r ror and X-Y table is generated to compensate for 
deviation of the substrate position from the input 
processing data and the actually-measured value of the 
substrate position and the ga I vano-m i r ror and X-Y table are 
driven depending on this drive data. Thereby, it is 

25 possible to realize the boring of many via holes ranging 
from several hundreds to several tens of hundred while 
keeping the higher positional accuracy. 

In the present invention, it is preferable that the 
positioning mark of the multilayer printed wiring board is 
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made of a metal conductor. Since a metal does not transmit 
the light beam, the positioning mark can be recognized by a 
silhouette and it can easily be read with the camera. 

Moreover, the positioning mark is preferably formed 
5 simultaneously with the conductive circuit because it is 
not required, in this case, to additionally provide the 
positioning mark forming process. 

At the time of forming the positioning mark on the 
multilayer printed wiring board, it is desirable that the 
10 positioning mark of the upper layer is deviated from the 
positioning mark of the lower layer. Thereby, the 
silhouette of the positioning mark of the upper layer is 
never overlapped on the positioning mark of the lower 
I ayer. 

15 Specifically, the positioning mark can be formed on 

the occasion of forming the conductor pattern by etching 
the copper clad laminated plate. Moreover, a plating 
resist is provided in advance on the area where the 
conductive circuit and positioning mark are not provided 

20 and thereby the conductive circuit and positioning mark can 
be formed simultaneously through the plating process. 

When the conductive circuit and positioning mark are 
formed simultaneously, the positioning mark is covered with 
the inter I ayer resin insulator. Therefore it is preferable 

25 to use a material having the light transmitting property as 
the inter I ayer resin insulator. In addition, it is also 
preferable to use a material having the light transmitting 
property for the substrate itself on which the inter layer 
resin insulator is formed. 
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In order to attain the [object] aspect described 
above, the laser processing apparatus described in [claim 
20] the appended claims discloses laser processing 
apparatus comprising a processing laser source, a scanning 
5 head for deflecting the direction of laser beam to the X-Y 
directions and an X-Y table for placing the work piece to 
process the work piece with a laser beam by controlling the 
X-Y table and the scanning head, characterized in the 
technical viewpoint by providing at least two or more 

10 scanning heads and a beam splitter between the processing 
laser source and an optical path of the scanning head to 
supply the laser beam to each scanning head by distributing 
the laser beam. 

Moreover, the multilayer printed wiring board 

15 manufacturing apparatus described in [claim 21] the 

appended claims discloses, in order to attain the object 
explained above, a multilayer printed wiring board which is 
used for processing a multilayer printed wiring board 
having an inter layer resin insulator and comprises a 

20 processing laser source, a scanning head for deflecting the 
direction of laser beam to X-Y directions, a camera for ^ 
reading the target mark of the multilayer printed wiring 
board, an X-Y table for placing the multilayer printed 
wiring board, an input section for inputting the processing 

25 data of the multilayer printed wiring board, a memory 

section for storing the processing data or the arithmetic 
operations result and an arithmetic operating section to 
input the processing data from the input section, stores 
this data to the memory section, measures the position of 
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target mark of the multilayer printed wiring board placed 
on the X-Y table, generates the data for driving the 
scanning head and the X-Y table from the measured position 
and the input processing data and stores this drive data to 
5 the memory section in the arithmetic operating section, 
reads the drive data from the memory section and radiates 
the laser beam to the multilayer printed wiring board by 
controlling the X-Y table and the scanning head in the 
control section to eliminate the inter layer resin layer and 

10 form the via hole, and this multilayer printed wiring board 
manufacturing apparatus is also characterized in the 
technical viewpoint by providing at least two or more 
scanning heads and a beam spl itter between the processing 
laser source and an optical path of the scanning heads to 

15 supply the laser beam to each scanning head by distributing 
the laser beam with the beam splitter. 

Moreover, the multilayer printed wiring board 
manufacturing method described in [claim 25] the appended 
c I a i ms discloses a multilayer printed wiring board 

20 manufacturing method comprising the steps of: 

forming the target mark on the multilayer printed 
wiring board having the inter layer resin insulator; 

placing the multilayer printed wiring board having 
formed the target mark on the X-Y table of the multi layer 

25 printed wiring board manufacturing apparatus comprising a 
processing laser source, at least two or more scanning 
heads for deflecting the direction of laser beam to the X-Y 
directions, a camera for reading the target mark of the 
multilayer printed wiring board, an X-Y table for placing 
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the multilayer printed wiring board, an input section for 
inputting the processing data of the multilayer printed 
wiring board, a memory section for storing the processing 
data or the arithmetic operations result and an arithmetic 
5 operating section and then inputting the processing data to 
this apparatus; 

measuring, in the arithmetic operating section, the 
position of the target mark of the multilayer printed 
wiring board with the camera, generating the data for 

10 driving the scanning head and the X-Y table from the 

measured position and the input processing data and storing 
this drive data in the memory section; and 

reading the drive data from the memory section in the 
control section and radiating the laser beam to the 

15 multilayer printed wiring board by controlling the X-Y 
table and the scanning head to eliminate the inter layer 
resin layer to form the via hole; and 

this method is characterized in the technical 
viewpoint by distributing the laser beam with a beam 

20 splitter provided between the processing laser source and 
an optical path of the scanning head to supply the laser 
beam to two or more scanning heads. 

In the laser processing apparatus [described in claim 
20], the multilayer printed wiring board manufacturing 

25 apparatus [described in claim 21]^ and the multilayer 

printed wiring board manufacturing method , each described 
in [claim 25] the appended claims , since the laser beam is 
distributed by the beam splitter to supply the beam to a 
plurality of scanning heads even when only one laser source 
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is provided, the boring velocity can be improved even when 
the apparatus size is not increased and thereby low cost 
laser boring can be realized. In addition, in the 
apparatus [described in claims 20, 21] and [in] the 
5 multilayer printed wiring board manufacturing method , as 
described in [claim 25] the appended claims , processing and 
boring can be conducted to only one work piece (multilayer 
printed wiring board) with two or more scanning heads. In 
this case, the processing and boring time of the work piece 
10 (multilayer printed wiring board) can be shortened and 

moreover the X-Y table area can be reduced to that of only 
one work piece (multilayer printed wiring board), thereby 
not resulting in increase in size of the apparatus as a 
who I e. 

15 In [the preferred] an embodiment of the present 

invention, when a via hole is not formed with the other 
scanning head on the occasion of forming a via hole with 
the laser beam via one scanning head, the other scanning 
head scans the outside of the processing area of the 

20 multilayer printed wiring board with the laser beam. 
Therefore, it is possible to conduct the processing in 
different patterns with a plurality of scanning heads. 

In [the preferred] an embodiment of the present 
invention, since a transfer mask is provided between the 

25 processing laser source and the beam splitter, the 

structure can be more simplified than the structure where a 
plurality of masks are provided. 

In [the preferred] an embodiment of the present 
invention, since the transfer mask is provided between the 
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beam splitter and each scanning head, the distance to the 
multilayer printed wiring board as the processing object 
from each transfer mask can be equalized. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a multilayer printed 
wiring board manufacturing apparatus in relation to [the 
first] an embodiment of the present invention; 

Fig. 2 is a block diagram of a control mechanism of 
10 the manufacturing apparatus shown in Fig. 1; 

Fig. 3 is a process diagram for the processing 
conducted by the control mechanism shown in Fig. 2; 

Fig. 4 is a process diagram for manufacturing a 
multilayer printed wiring board in relation to the [first] 
15 embodiment; 

Fig. 5 is a process diagram for manufacturing a 
multilayer printed wiring board in relation the [first] 
embod i ment ; 

Fig. 6 is a schematic diagram of a multilayer printed 
20 wiring board manufacturing apparatus in relation to a 
modification example of the [first] embodiment; 

Fig. 7 is a schematic diagram of a multilayer printed 
wiring board manufacturing apparatus in relation to [the 
second] another embodiment of the present invention; 
25 Fig. 8 is a cross-sectional view along the line A-A 

of the X-Y table shown in Fig. 7; 

Fig. 9(A) i s a p I an v i ew of an aperture of the X-Y 
table shown in Fig. 8, Fig. 9(B) is a cross-sectional view 
of the aperture, Fig. 9(C) i s a p I an v i ew of the aperture, 
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Fig. 10 is a process diagram 
multilayer printed wiring board in 
another embodiment; 



and Fig. 9(D) is a cross-sectional 



view of the aperture; 
for manufacturing a 
relation to the [second] 



5 



Fig. 11 is a process diagram 
multilayer printed wiring board in 



for manufacturing a 
relation to the [second] 



another embod i ment ; 

Fig. 12 is a schematic diagram of a multilayer 
printed wiring board in relation to the third embodiment of 
10 the present invention; 

Fig. 13 is a block diagram of a control mechanism of 
the manufacturing apparatus shown in Fig. 12; 

Fig. 14 is a process diagram of the processing by the 
control mechanism shown in Fig. 13; 
15 Fig. 15 is a flowchart of the galvano-data generating 

process shown in Fig. 14; 

Fig. 16 is a schematic diagram of a multilayer 
printed wiring board manufacturing apparatus in relation to 
a modification example of the [third] vet another 
20 embodiment of the present invention; and 

Fig. 17 is a schematic diagram of a multilayer 
printed wiring board in relation to another modification 
example of the [third] vet another embodiment of the 
present i nvent i on. 



DESCRIPTION OF THE [PREFERRED] EMBODIMENTS 
The [preferred] embodiments of the present invention 
will be explained below with reference to the accompanying 
drawi ngs. 



25 
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Fig. 1 shows a multilayer printed wiring board 
manufacturing apparatus in relation to the [first] an 
embodiment of the present invention. 

In the [first] embodiment, as the laser source, a C0 2 
5 laser oscillator 60 which generates the C0 2 laser in the 
wavelength of 10. 6|im is used. This C0 2 laser oscillator 60 
is designed as the resonator type oscillator formed by 
sealing the C0 2 gas between a total reflection mirror 60B 
and a partial reflection mirror 60A. An energy from the 

10 excited C0 2 is emitted as the laser beam via the partial 
reflection mirror 60A. 

The laser beam in the beam diameter of 20 mm radiated 
from the C0 2 laser oscillator 60 is condensed by a condenser 
lens 92 of zinc selenium (ZnSe) coated with a thin film of 

15 sodium fluoride (manufactured by MELLES GRI0T) and is then 
incident to a metal tellurium 94. The surface of the 
condenser lens 92 is perfectly transmitting the light beam 
in the wavelength of 10. 6 jim (AR: ANT I REFLECT I ON) . 

Tellurium 94 has the length of 5 mm and is cut in the 

20 angle 0 = 14. 3-for the c-axis for the phase matching. The 
incident light in the wavelength of 10. 6 jam is converted to 
the second harmonic wave in the wavelength of 5. 3 jam by 
tellurium. The converted second harmonic wave is emitted 
from the tellurium crystal 94 and is then incident to the 

25 collimator lens 90. The incident and emitting end faces of 
the tel lurium crystal 94 are coated with the thin f i Im of 
sodium fluoride having the ant i ref I ect i on property for the 
beam in the wavelength of 10.6 |Lim in order to improve the 
incident and emitting efficiency. 
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The second harmonic wave in the wavelength of 5.3 
jim emitted from tellurium 94 is paralleled by the 
collimator lens 90. The surface of the collimator lens 90 
(produced by MELLES GRIOT) is coated with a thin f i Im of 

5 sodium fluoride of which the number of layers and thickness 
are adjusted. This surface totally reflects (HR: Whole 
Reflection) the laser beam having the wavelength of 10. 6jam 
and totally transmits (AR) the second harmonic wave having 
the wavelength of 5. 3|um. Namely, the laser beam having the 

10 wavelength of 10. 6|wn which is the unconverted light source 
wavelength is cut. Therefore, only the laser beam in the 
wavelength of 5. 3jum contributes to the processing. 

The laser beam in the wavelength of 5. 3|um is 
reflected by a mirror 66 of the optical system and is sent 

15 to the galvano-head 70 via the transfer mask 62 to make 
clear the focal point on the substrate. 

The galvano-head (scanning head) 70 is composed of a 
set of the ga I vanb-mi r ror formed of the ga I vano-m i r ror 74X 
for scanning the laser beam in the X direction and the 

20 ga I vano-m i r ror 74Y for scanning the beam in the Y 

direction. These mirrors 74X, 74Y are driven by the 
control motors 72X, 72Y. The motors 72X, 72Y adjust the 
angles of the mirrors 74X, 74Y depending on the control 
command from the computer to be explained later and also 

25 transmits the detection signal from the built-in encoder to 
the computer side. 

The scan area of the ga I vano-m i r ror i s 30 x 30mm. 

Moreover, the positioning velocity of the gal vano-m i r ror is 
400 points/sec within the scanning area. The laser beam is 
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respectively scanned in the X-Y directions through a couple 
of ga I vano-mi rror 74X ( 74Y and passes the f-0 lens 76 and 
collides with the bonding agent layer of the substrate 10 
to be explained later to form the via hole (aperture). 
5 The substrate 10 is placed on the X-Y table 80 moving 

in the X-Y directions. As explained above, since the 
scanning area of galvano- mirror of each galvano-head 70 is 
30mm x 30mm and the substrate 10 of 500mm x 500mm is used, 
the number of step areas of the X-Y table 80 is 289 (17 x 

10 17). Namely, the processing of the substrate 10 can be 
completed by repeating the movement of 30mm in the X 
direction 17 times and the movement in the Y direction 17 
t i mes f respect i ve I y. 

The manufacturing apparatus explained above is also 

.15 provided with the CCD camera 82 and therefore the positions 
of the target marks (positioning marks) 11 arranged at four 
corners of the substrate 10 are measured to start the 
processing after compensating for the error. 

Subsequently, the control mechanism of this 

20 manufacturing apparatus will be explained with reference to 
Fig. 2. 

The control apparatus is formed of a computer 50 
which receives as an input the hole coordinate data 
(processing data) of the multilayer printed wiring board 
25 input from the input section 54 and the position of the 
target mark 11 measured by the CCD camera 82 to generate 
the processing data to be stored in the memory section 52. 
The actual boring process can be conducted by driving the 
X-Y table 80, laser 60 and the galvano-head 70 on the basis 
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of the processing data. 

Here, the processing data generating process by the 
computer 50 wi I I be explained in further detail with 
reference to Fig. 3. 

5 The computer 50 drives first the X-Y table 80 to the 

position of the CCD camera 82 to move the target mark 11 
(first process). Errors such as deviation in the X 
direction, deviation in the Y direction, a compression 
amount of substrate and an amount of rotation are measured 

10 by catching the positions of the four target marks 11 with 
the CCD camera 82 (second process). Here, an error data is 
generated for correcting the error of measurement (third 
process) . 

Subsequently, the computer 50 corrects the hole 
15 coordinate data consisting of the coordinates of respective 
holes with the error data generated in the third process to 
generate the actual processing data consisting of the 
coordinates of the holes actually bored (fourth process). 
On the basis of the actual processing data, the galvano- 
20 head data for driving the galvano-head 70 is generated 

(fifth process), the table data for driving the X-Y table 
is generated (sixth process), and the laser data for the 
timing of oscillating the laser 60 is also generated 
(seventh process). This data is temporarily stored in the 
25 memory section 52 as explained above and actual boring 

process is conducted by driving the X-Y table 80, laser 60 
and galvano-head 70 depending on this data. 

Subsequently, the multilayer printed wiring board 
manufacturing process using the manufacturing apparatus in 
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relation to [the first] thi s embodiment of the present 
invention will be explained with reference to Fig. 4 and 
Fig. 5. 

First, using, as a starting material, a copper clad 
5 laminated plate 10a where the copper foil 12 of 18(im is 
laminated on both surfaces of the substrate 10 consisting 
of glass epoxy or BT (b i sma I e im i detr i az i ne) of 500 x 500mm 
in the thickness of 1 mm shown in Fig. 4(A), the copper 
foil is etched in the form of a pattern by the ordinary 

10 method as shown in the process (B) to form the internal 

layer copper patterns 14a, 14b and target marks 11 on both 
surfaces of the substrate 10. 

Here, an inter layer resin insulator is prepared. 
After mixing the cresol novolak type epoxy resin 

15 (manufactured by Nippon Kayaku, Co. Ltd. : molecular weight 
2500) of 70 parts by weight dissolved into DMDG 
(dimethy Igl i co I d imethyethe I ) , po I yethe I su I f one (FE) of 30 
parts by weight, imidazole hardening agent (Shikoku 
Chemicals Corp. : Bland name 2E4MZ-CN) of 4 parts by weight 

20 and then further mixing, with this mixture, the epoxy resin 
particle in average particle size of 5. 5|wn of 35 parts by 
weight and that in average particle size of 0. 5^im of 5 
parts by weight, these are further kneaded while adding NMP 
to adjust the viscosity to 12pa. s with a homogenizer and 

25 subsequently these are kneaded with three rolls to obtain 
the solvent of bonding agent (inter layer resin insulator). 

The substrate 10 shown in the process (B) is washed 
with water and is then dried up. Thereafter, the substrate 
10 is subjected to degreasing under the acidic condition, 
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soft-etching, processing with a catalyst solvent including 
palladium chloride and organic acid to obtain Pd catalyst, 
activation and the plating in the non-electrolytic plating 
bath to form the recessed and projected layers (rough 
5 surface) of Ni-P-Cu a I loy in the thickness of 2. 5 \jux\ at the 
surface of the copper conductive bodies 14a f 14b, target 
mark 11 and a via hole pad. 

Thereafter, the substrate 10 is washed with water is 
then soaked into the non-electrolytic tin plating bath 

10 consisting of tin fluoride boron-th i oharnstof f acid 

solution in the temperature of 50~for an hour to form a tin 
replacement plating layer in the thickness of 0. 3 |um at the 
surface of the Ni-Cu-P alloy rough surface. 

As shown in the process of Fig. 4(C), the bonding 

15 agent is coated on the substrate 10 using a roll coater, it 
is then left for 20 minutes under the horizontal condition. 
Then, the substrate is dried up for 30 minutes at the 
temperature of 60°C to form a bonding agent layer 16 in the 
thickness of 50jim. Thereafter, it is then heated at the 

20 temperature of 1 70°C for five hours to harden the bonding 
agent layer 16. This bonding agent layer 16 has light 
transmitting property. Thereby, the target mark 11 covered 
with the bonding agent layer 16 can be recognized easily 
with the CCD camera 82. 

25 Thereafter, the substrate 10 is placed on the X— Y 

table 80 shown in Fig. 1 and the target mark 11 formed on 
the substrate 10 as explained above is measured with the 
CCD camera 82. Thereby, after measuring and correcting the 
deviation of the substrate 10, the pulse beam is applied to 
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the substrate from the laser oscillator 60 to form the hole 
20 for via hole to the bonding agent layer 16 on the 
substrate (refer to process (D)). 

Namely, the boring process is conducted with the 

5 structure of this embodiment having formed the optical 

system using a condenser lens 92, a collimator lens 94 and 
tellurium 94 as the non- linear optical crystal. 

An output from the C0 2 laser oscillator 60 is 5000W 
and pulse time is 1 jisec. A harmonic wave output has the 

10 peak level of 1600W and the conversion efficiency has been 
32%. Here, radiation energy has been set to 0. 8mJ. 

In this embodiment, the second harmonic wave laser 
beam of 5.3pm is radiated through the bonding agent layer 
(inter layer resin insulator) 16 in the thickness of 50|im to 

15 expose the bottom section (internal layer copper patterns 
14a, 14b) in order to form the hole 20 in the depth of 
50(am. Moreover, a small via hole having the upper diameter 
of hole 20 (aperture diameter) of 40|im can be obtained. 

As explained above, a fine and deep hole can be bored 

20 by utilizing the laser beam wavelength of 5. 3|am which has 
been obtained by modulating the laser beam of the low cost 
C0 2 laser source to the shortened wavelength. 

Explained here is the result of testing in formation 
of the via hole bored to the bonding agent layer 16 of 50 

25 |am by radiating the laser beam under the setting that 

diameter of mask 62 is 0.6mm and radiation energy is 0. 4mJ 
by structuring an optical system, for the purpose of 
comparison without use of the condenser lens, collimator 
lens or tellurium. In this case, an output from the C0 2 
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laser is 5000W and pulse time is Ijisec. An output of 
harmonic wave has the peak level of 1600W and wavelength is 
10. 6|im. 

The upper diameter of the hole formed for the testing 
5 is 40|Lim f the depth of hole is 30jim and it is impossible to 
expose the bottom section (internal layer copper patterns 
14a f 14b) passing through the bonding agent layer 16 of 
50|ojti. 

When the radiation energy is increased up to 0. 8mJ in 

10 the same optical system, it has been realized to expose the 
bottom section passing through the bonding agent layer 16 
in the thickness of 50|um, but the upper diameter of hole is 
60jam and the diameter of aperture is extended. 

As explained above, when the wavelength is 10. 6|nm f a 

15 hole can be bored through the bonding agent layer by 
increasing the output, but the hole diameter is also 
extended. Moreover, when the output is reduced, the hole 
diameter can be reduced but the laser output cannot be 
transmitted through the bonding agent layer and the upper 

20 layer cannot be connected to the lower layer. 

In this embodiment, since the target mark 11 is 
formed of copper, it assures high reflectivity and can be 
read easi ly by the CCD camera 82. Moreover, since copper 
does not allow transmission of light beam, the positioning 

25 mark can be recognized with a silhouette and can be read 
easily with the CCD camera 82. In this embodiment, copper 
is used for target mark 11, but other various kinds of 
metal conductors which also assure higher reflectivity and 
do not allow transmission of light beam can be used in 
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place of copper. 

Moreover, since the target mark 11 is formed 
simultaneously with the conductive circuit (internal layer 
copper patterns 14a f 14b), it is not required to 
5 additionally provide the target mark forming process. 

Subsequently, a multilayer printed wiring board 
manufacturing method will be explained. In this 
embodiment, 5000 holes are bored at random on the substrate 
(500mm x 500mm) with the shortened wavelength laser beam. 

10 Here, as explained above, the scanning area of the galvano- 
mirror i s 30 x 30mm and the positioning velocity is 400 
points/sec in the scanning area. On the other hand, the 
number of step areas of the X-Y table is 298 (17 x 17). 
Namely, the laser process is completed by repeating the 

15 movement of 30 mm in the X direction 17 times and the 

movement of 30 mm in the Y direction 17 times. The moving 
velocity of the X-Y table 80 is 15000mm/min. Meanwhile, 
the recognizing time of the four target marks 11 by the CCD 
camera 82 i s 9 seconds including the moving time of the 

20 table 80. When the substrate 10 is processed by such 

manufacturing apparatus, the processing time has been 269.5 
seconds. 

The substrate 10 having formed the holes 20 is soaked 
into chromium acid for one minute to dissolve the epoxy 
25 resin particles in the inter-resin layer insulator in order 
to obtain rough surface of the inter-resin layer insulator 
16 shown in the process (E) . Thereafter, the substrate is 
soaked into the neutralizing solution (manufactured by 
SHIPLEY Corp.) and is then washed with water. 
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The substrate 10 having conducted the rough surface 
forming process is given the palladium catalyst (ATOTECH 
Corp.) to give the catalyst core to the bonding agent layer 
16 and the hole for via hole 20. 
5 Here, liquid resist is prepared. Oligomer given the 

photosensitivity (molecular weight of 4000) obtained by 
acrylic process for the epoxy group of 25% of the cresol 
novo lac type epoxy resin (produced by Nippon Kayaku Co., 
Ltd. : Bland name E0CN-103S) dissolved into DMDG, an 
10 imidazole hardening agent (manufactured by Shikoku 

Chemicals Corp. : Bland name 2PMHZ-PW) , acrylic i socyanate 
(manufactured by Toagosei Co., Ltd. : Bland name Alonix 
M215), benzophenone as the photo-starting agent 
(manufactured by Kanto Chemical Co., Inc.) and Michler's 

15 ketone as the photo-sensitivity amplifying agent 

(manufactured by Kanto Chemical Co., Inc.) are kneaded 
using NMP in the following composition. Then these are 
adjusted to the viscosity of 3000 cps with a homodisper 
stirrer and are then kneaded with three rolls to obtain the 

20 I i qu i d res i st. 

Resin composition; photosensitive epoxy/M21 5/BP/MK/ 

imidazole = 100/10/5/0.5/5 
As shown in the process (F) of Fig. 5, the liquid 
resist obtained above is coated to both surfaces of the 

25 substrate 10 having completed the process to give the 

catalyst core using a roll coater. It is then dried up at 
the temperature of 60°C for half an hour to form the resist 
layer 24 in the thickness of 30 jim. 

Thereafter, after the non-removing area of the resist 
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layer 24 is exposed by the photo-etching or radiation of 
small output laser, the resist layer is dissolved by DMTG 
as shown in the process (G) to form, on the substrate 10, 
the resist for plating 26 where the pattern 26b to form the 
5 conductive circuit pattern 26a and target marks is 

eliminated. Moreover, the resist is exposed with ultra- 
high pressure mercury lamp in the energy of 1000mJ/cm 2 for 
an hour at the temperature of 100°C. Thereafter, the 
substrate is heated for 3 hours at 150°C to form permanent 
10 resist on the inter layer insulator (bonding agent layer) 
16. 

The substrate 10 having formed the permanent resist 
26 as shown in the process (H) is subjected to the pre- 
plating process (in more concrete, process by sulfuric acid 

15 and activation of catalyst core) in advance. Thereafter, 
the non-electrolytic copper plating 28 in the thickness of 
about 15|im is precipitated to the resist non-forming area 
by the non-electrolytic plating in the non-electrolytic 
copper plating bath to form the external layer copper 

20 pattern 30, via hole 32, and target mark 111. Thereby, a 
conductive layer is formed by the additive method. 

The processes explained above are repeated to further 
form another conductive layer by the additive method. In 
this case, an error is measured with the CCD camera 82 

25 using the target mark 111 formed on the inter layer 

insulator (bonding agent layer) 16 and the hole for via 
hole is formed by laser. By building up the wiring layers, 
a multilayer printed wiring board of six layers can be 
formed. 
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Subsequently, a structure of the manufacturing 
apparatus in relation to the modification example of [the 
first] thi s embodiment will be explained. In the profile 
explained above by referring to Fig. 1, tellurium crystal 
5 94 is arranged at the outside of the C0 2 laser oscillator 60 
formed by sealing the C0 2 gas between the ant i -ref I ect i on 
mirror 60B and the partial reflection mirror 60A. 
Meanwhi le, in the [second] other embodiment, the C0 2 laser 
oscillator 160 is provided, by sealing the C0 2 gas, between 

10 the tellurium crystal 194 and the ant i -ref lection mirror 

160B. Namely, the tellurium crystal 194 is arranged within 
the C0 2 laser oscillator 160. The tellurium crystal 194 is 
structured to partially reflect with the surface opposed to 
the ant i -ref lection mirror 160B to pass only a part of the 

15 energy excited by the C0 2 gas like the partial reflection 
mirror 60A in the profile shown in Fig. 1. 

In the non- linear type optical crystal such as 
tellurium crystal, etc., since the conversion efficiency to 
harmonics is higher when a high output laser beam is 

20 incident, a high output laser beam in the C0 2 laser 

oscillator 160 is incident to the tellurium crystal to 
realize higher efficiency of the conversion to harmonics. 

In the embodiment explained above, a galvano-head is 
used as the scanning head, but a polygon mirror may 

25 alternatively be employed. In addition, the laser 

radiating position can be adjusted by moving the X-Y table 
without use of the scanning head. 

In the above embodiment, the wavelength of C0 2 laser 
is doubled by one tellurium crystal, but it is also 
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possible to increase the laser wavelength fourfold by 
providing the tellurium crystal in two stages. Moreover, 
the C0 2 laser is used as the laser oscillator, but it is 
also possible in the present invention to use the harmonics 
5 of various laser sources such as argon, etc. Here, the 

wavelength of laser beam must be 360nm or less or 3000nm or 
more to bore the holes to the inter layer resin insulator. 
Namely, the laser beam in the wavelength larger then 360nm 
and smaller than 3000nm is used to eliminate generation of 

10 head when the laser passes the resin. Therefore, when the 
wavelength is doubled, the laser source of the wavelength 
smaller than 720nm and larger than 6000nm must be used. 
Moreover, when the wavelength is increased up to four 
times, the laser source of the wavelength smaller than 

15 1440nm and larger than 12000nm must be used. 

In addition, in the [first] embodiment explained 
above, tellurium is used as the non- linear optical crystal, 
but various kinds of non- linear optical crystal may be used 
so long as the phase matching with the laser beam can be 

20 attained and such optical crystal allows transmission of 
the laser beam from 10|nm to 5jm For example, gallium- 
selenium GaSe, antimony sulfide Ag3SBS3, arsenic sulfide 
Ag3ASS3, mercury sulfide HgS and selenium Se, etc. can be 
used. 

25 Moreover, as a work piece to be processed, a 

multilayer printed wiring board is used but the work piece 
is not limited thereto. 
[The second] 

Another embodiment of the present invention wi I I be 
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explained with reference to Fig. 7 to Fig. 11. Fig. 7 
shows the multilayer printed wiring board manufacturing 
apparatus in relation to [the second] th i s embodiment of 
the present invention. 
5 In [the second] th i s embodiment, the C0 2 laser 

oscillator 260 in the wavelength of 10. 6jim is used as the 
laser source. The light beam emitted from the laser 
oscillator 260 is sent to the galvano-head via the transfer 
mask 262 in order to make clear the focal point on the 

10 substrate. 

The scanning head 270 is formed of a gal vano-mi rror 
formed of a set of the ga I vano-mi rror 274X for scanning the 
laser beam in the X direction and the ga I vano-m i r ror 274Y 
for scanning the beam in the Y direction. These mirrors 

15 274X, 274Y are driven by the control motors 272X, 272Y. 
The motors 272X, 272Y adjust the angles of the mirrors 
274X, 274Y according to the control command from the 
computer to be explained later and also transmit the 
detecting signal from the built-in encoder to the computer 

20 side. 

The scanning area of the ga I vano-mi rror i s 30 x 30mm. 
Moreover, the positioning speed of ga I vano-mi rror is 400 
points/sec in the scanning area. The laser beam is scanned 
in the X-Y directions via a couple of ga I vano-mi rror s 274X, 
25 274Y to pass the f-0 lens 276 and then reach the bonding 
agent layer described later of the substrate 210 to form a 
hole 220 (aperture) for via hole. 

The substrate 210 is placed on the X-Y table 280 
moving in the X-Y directions. As is explained above, since 
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the scanning area of the ga I vano-m i r ror of each galvano- 
head 270 is 30mm x 30mm and the substrate 210 of 500mm x 
500mm is used f the step area of the X-Y table 280 is 289 
(17 x 17). 

5 In the manufacturing apparatus, the CCD camera 282 is 

provided to measure the position of the target marks 
(positioning marks) 211a arranged at the four corners of 
the substrate 210 and correct an error in view of starting 
the processing. 

10 A structure of the X-Y table 280 of this embodiment 

will be explained in further detail by referring to Fig. 7 
and Fig. 8. Fig. 8 is a cross-sectional view along the 
I ine A-A of the X-Y table 280 shown in Fig. 7. 

As shown in Fig. 7, a rectangular aperture 280a of 

15 30mm x 8mm is provided to the area corresponding to the 

positioning mark 211a of the printed wiring board 210 when 
the printed wiring board 210 is placed at the four corners 
of the X-Y table 280. As shown in Fig. 8, a socket 286 is 
engaged with respective aperture 280a. The socket 286 is 

20 connected to the cable 283 wired at the inside of the X-Y 
table 280 and this cable 283 is connected to the connector 
281 provided at the end part of the X-Y table 280. This 
connector 281 is further connected to the cable 290 from 
the external power supply. Connection with the external 

25 power supply may also be realized through slide contact 

method, in addition to use of cable of this embodiment. In 
the socket 286, four LEDs 288 conforming to the 
specification No. HP-HLMP-2685 (Stanley Electric Co., Ltd. 
H-3000-L, Sharp Corp. GL5-UR-3K, etc.) are fixed. The 
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aperture 280a is provided with a transparent or semi- 
transparent glass or acrylic cover 289 and thereby the LED 
288 may be protected if the laser beam is erroneously 
radiated. At the lower side of the X-Y table 280, the X 
drive motor 284X for driving in the X direction and Y drive 
motor 284Y for driving in the Y direction are arranged. In 
the X-Y table 280 of this embodiment, a groove and a hole 
(not illustrated) are provided for vacuum absorbing and 
fixing the substrate to the surface other than that 
corresponding to the light source. 

Explanation of the control mechanism of the 
manufacturing apparatus is not repeated here because it is 
similar to that of the [first] embodiment explained above. 

Here, the processing data generating process by the 
computer 250 of the [second] other embodiment will be 
exp I a i ned. 

The process by the computer 250 is simi lar to that of the 
[first] embodiment described above with reference to Fig. 3 
and therefore it will be explained with reference to Fig. 3 
and Fig. 9. Fig. 9(B) is an enlarged cross-sectional view 
of the aperture 280a of the X-Y table 280 shown in Fig. 8. 
Fig. 9(A) i s a plan view of the aperture 280a viewed from 
the side of the CCD camera 282. 

The computer 250 first drives the X-Y table 280 to 
the position of the CCD camera 282 to move the target mask 
211a (first process shown in Fig. 3). The LED 288 is 
caused to emit the light to pass through the BT resin 
substrate 210 (refer to Fig. 9(B)) to generate silhouettes 
of the target mark 211a on the substrate surface side and 
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of the target mark 211b of the substrate rear surface side 
(refer to Fig. 9(A)). The CCD camera 282 recognizes the 
silhouettes and picks up the positions of the four target 
marks 211a of the substrate 210(refer to Fig. 7) to measure 
5 the errors such as deviation in the X direction, deviation 
in the Y direction, compression of substrate, and a 
rotating amount (second process). In order to correct the 
errors measured, an error data is generated (third 
process). The four target marks 211b are picked up to 
10 process the rear surface side of the substrate 211. The 
desirable shape of the target mark is circular shape in 
which the center point can be extracted easily by the 
computer. 

Subsequently, the computer 250 corrects the hole 
15 coordinate data consisting of the coordinates of the 

processing holes with the error data generated by the third 
process to generate the actual processing data consisting 
of the coordinates of the holes to be bored actually 
(fourth process). On the basis of the actual processing 
20 data, the scanning head data for driving the galvano-head 
270 is generated (fifth process), the table data for 
driving the X-Y table 280 is generated (sixth process), and 
the laser data of the timing for oscillating the laser 260 
is generated (seventh process). This data is temporarily 
25 stored in the memory section 252 and actual boring process 
is executed by driving t he X-Y table 280, laser 260, and 
galvano-head 270 based on this data. 

Thereafter, the manufacturing process of a multi layer 
pr i nted wi r i ng board by ut i I i z i ng the mu 1 1 i I ayer pr i nted 
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wiring board of [the second] th i s embodiment of the present 
invention will be explained with reference to Fig. 10 and 
Fig. 11. 

First, using, as the starting material, the copper 
5 clad laminated plate 210a in which the copper foil of 18|nm 
is laminated on both surfaces of the substrate 210 
consisting of transparent or semi-transparent glass epoxy 
or BT (bismaleimidetr iazine) of 500 x 500mm in the 
thickness of 1 mm shown in the process (A) of Fig. 10, the 

10 internal layer copper patterns 214a, 214b, target mark 211a 
for processing the substrate surface and target mark 211b 
for processing the rear surface are formed on both sides of 
the substrate 211 by etching the copper foil into the 
pattern by the ordinary method as shown in Fig. 10(B). 

15 The substrate 210 shown in Fig. 10(B) is washed with 

water and is then dried up. The substrate 210 is then 
subject to the degreasing process in the acid for the soft 
etching purpose. It is then processed by the catalyst 
solvent consisting of palladium chloride and organic acid. 

20 Thereby, it is given the Pd catalyst and activated. 
Thereafter, it is subject to the plating in the non- 
electrolytic plating bath to form the recessed and 
projected layer (rough surface) of Ni-P-Cu alloy in the 
thickness of 2. 5 pro on the surface of the copper conductors 

25 214a, 214b, target marks 211a, 211b and via hole pad. 

The substrate is then washed with water and is then 
soaked into the non-electrolytic tin plating bath 
consisting of tin borofluoride thiourea for an hour at the 
temperature of 50°C to form a tin replacement plating layer 
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of 0. 3^im in thickness at the surface of the Ni-Cu-P alloy 
rough surface. 

As shown in the process (C) , the bonding agent is 
coated on the substrate 210 using a roll coater, it is then 

5 left for 20 minutes under the horizontal condition. Then, 
the substrate is dried up for 30 minutes at the temperature 
of 60°C to form the bonding agent layer 216 of 50[\m in 
thickness. Thereafter, the bonding agent layer 216 is 
hardened by heating process for 5 hours at 170°C in the 

10 heating furnace. This bonding agent layer 216 has a light 
transmitting property. Thereby, the target marks 211a, 
211b covered with this bonding agent layer 216 can be 
recognized easily with the CCD camera 282. 

Thereafter, the substrate 210 is placed on the X-Y 

15 table 280 shown in Fig. 7 and the substrate 210 is fixed on 
the X-Y table 280 by vacuum absorption through the grooves 
and holes provided on the X-Y table 280. Then, the target 
marks 211a formed at the four corners of the substrate 210 
as mentioned above are measured with the CCD camera 282 and 

20 deviation of the substrate 210 is measured and corrected. 
Thereafter, the pulse beam of 50 jisec is applied in the 
output of 400W from the laser oscillator 260. This light 
beam is used to form a hole 220 for via hole to the bonding 
agent layer 216 of the substrate (refer to process (D)). 

25 In this embodiment, since copper which does not allow 

transmission of light beam is used for the target marks 
211a, 211b, the positioning mark can be recognized easily 
and can be read easi ly with the CCD camera 282 by means of 
the silhouettes. In this embodiment, copper is used for 
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the target marks 211 a, 211b, but the other various metal 
conductors which also do not allow transmission of light 
beam can a I so be used. 

Moreover, since the target marks 211a, 211b are 
5 formed simultaneously with the conductive circuit (internal 
layer copper patterns 214a, 214b), it is not required to 
additionally provide the process to form the target marks. 

In this embodiment, 5000 holes are bored at random on 
the substrate (500mm x 500mm). Here, as explained above, 

10 the scanning area of the gal vano-mi rror i s 30 x 30mm and 

the positioning speed is 400 points/sec within the scanning 
area. On the other hand, the number of step areas of the 
X-Y table 280 is 289 (17 x 17). The moving speed of the X- 
Y table 280 is 15000mm/min. Meanwhile, the recognizing 

15 time of the four target marks 211a, 211b by the CCD camera 
282 is 9 seconds including the moving time of the table 
280. 

When the substrate 210 is manufactured with this 
manufacturing apparatus, the processing time is 269.5 
20 seconds. 

The substrate 210 having formed the holes 220 is 
soaked into chromium acid for one minute to dissolve the 
epoxy resin particles in the i nter-res i n I ayer insulating 
layer to form the layer 216 having the rough surface as 
25 shown in the process (E) . Thereafter, the substrate is 
soaked into the neutral solution (SHIPLEY Corp.) and then 
it is washed with water. 

The catalyst core may be given to the bonding agent 
layer 216 and hole 220 for via hole by giving the palladium 
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catalyst (ATOTECH Corp.) to the substrate 210 with the 
rough surface forming process completed. 

As shown in the process (F) of Fig. 11, the liquid 
resist^ like that in the [first] aforement i oned embodiment^ 
5 is coated with a roll coater on both surfaces of the 
substrate 21 with the catalyst core giving process 
completed and it is then dried up for 30 minutes at 60°C to 
form the resist layer 224 of 30|im in thickness. 

Thereafter, the non-removing section of the resist 

10 layer 224 i s exposed by the photoetching or laser radiation 
of a small output and then the resist layer is dissolved by 
DMTG as shown in the process (G) to form the resist 226 for 
the plating on the substrate 210 where the pattern 226b to 
form the conductive circuit 226a and target marks is 

15 eliminated. Then, the substrate is exposed with an ultra- 
high pressure lamp in the energy of 1000mJ/cm 2 . Moreover, 
the substrate 210 is heated for 1 hour at 100°C, then 3 
hours at 150°C to form the permanent resist 226 on the 
inter layer insulating layer (bonding agent layer) 216. 

20 As shown in the process (H) , the pre-processing 

(specifically, process by sulfuric acid and activation of 
catalyst core) is executed to the substrate 210 on which 
the permanent resist 226 is formed. Thereafter, non- 
electrolyte copper plating 228 in the thickness of 15|nm is 

25 precipitated on the resist non-forming section by the non- 
electrolytic plating in the non-electrolytic copper plating 
bath to form the external layer copper pattern 230, via 
hole 232 and target marks 211a\ 211b' in view of forming 

the conductive layer by the additive method. 
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By repeating the processes explained above, one more 
conductive layer is formed by the additive method. In 
this case, as shown in Fig. 9(C) and Fig. 9(D), an error is 
measured with the CCD camera 282 and the hole for via hole 
5 is formed by laser beam by use of the surface processing 
target marks 211a 5 and the rear surface processing target 
mark 211b' formed on the inter layer insulating layer 
(bonding agent layer) 216. The multilayer printed wiring 
board of four or more layers can be formed by building up 
10 the wiring layers as explained above. 
[The third] 

Another embodiment of the present invention will be 
explained with reference to Fig. 12 to Fig. 17. 

Fig. 12 shows a multilayer printed wiring board 
15 manufacturing apparatus in relation to [the third] th i s 
embodiment of the present invention. 

In this embodiment, the C0 2 laser oscillator 360 is 
used as the laser source. The light beam emitted from the 
laser oscillator 360 is incident to a beam splitter 364 via 
20 the transfer mask 362 in order to make clear the focal 
point on the substrate. In the beam splitter 364, the 
incident light is distributed by 1 : 1 in the power ratio and 
is then transmitted to the side A galvano-head (scanning 
head) 370A and to the side B galvano-head (scanning head) 
25 370B through reflection by the mirror 366. As the beam 
splitter, those combining a plurality sets of the prisms 
and those obtained by arranging a multilayer film on zinc- 
selenium (ZnSe) may be used. 

The side A galvano-head 370A and side B galvano-head 
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370B are respectively formed of a set of ga I vano-mi rrors 
consisting of the ga I vano-m i r ror 374X for scanning the 
laser beam in the X direction and the ga I vano-m i r ror 374Y 
for scanning the beam in the Y direction, and these mirrors 
5 374X, 374Y are driven by the control motors 372X, 372Y. 
The motors 372X, 372Y adjust the angles of the mirrors 
374X, 374Y and transmit the detecting signal from the 
built-in encoder to the computer side according to the 
control command from the computer to be described later. 

10 The scanning area of the ga I vano-mi r ror is 30x30mm 

and the positioning speed of the ga I vano-m i r ror is 400 
points/sec in the scanning area. The distance between the 
s i de A ga I vano-head 370A and s i de B ga I vano-head 370B i s 
set to 250 mm interval which is a half of the substrate 

15 (500mm x 500mm) for multiple chamfering in order to improve 
the efficiency of substrate processing. The laser beam is 
scanned in the X-Y directions via a couple of gal vano- 
mi rrors 374X, 374Y and then passes through the f-0 lens 376 
and then reaches the bonding agent layer of the substrate 

20 310 to be explained later to form the hole (aperture) for 
the via hole. 

The substrate 310 is placed on the X-Y table 380 
moving in the X-Y directions. As explained above, since 
the scanning area of the ga I vano-mi rrors of the galvano- 

25 heads 370A, 370B is 30mm x 30mm and the substrate 31 of 
500mm x 500m is used, the number of step areas of the X-Y 
table 380 is 289 (17 x 17). Namely, the laser processing 
is completed by repeating the movement of 30mm in the X 
direction 17 times and the movement of 30 mm in the Y 
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direction 17 times. 

In the manufacturing apparatus, the CCD camera 382 is 
arranged and the processing is started after measuring the 
positions of the target marks 311 arranged at the four 
5 corners of the substrate 310 and then compensating for an 
error. 

Subsequently, the control mechanism of the 
manufacturing apparatus will be explained with reference to 
Fig. 13. 

10 The control apparatus is composed of a computer 350 

which receives an input the hole coordinate data of the 
multilayer printed wiring board (processing data) input 
from the input section 354 and the position of the target 
marks (positioning marks) 311 measured by the CCD camera 

15 382 to generate the processing data and then stores it to 
the memory section 352. On the basis of the processing 
data, the X-Y table 380, laser 360 and ga I vano-heads 370A, 
370B are driven for the purpose of actual hole boring 
process. 

20 Here, the processing data generating process by the 

computer 350 wi I I be explained in detai I with reference to 
Fig. 14. 

The computer 350 drives the X-Y table 380 to the 
position of the CCD camera 382 to move the target mark 311 
25 (first process). Errors such as deviation in the X 

direction, deviation in the Y direction, compression of 
substrate, and an amount of rotation can be measured by 
picking up the positions of the four target marks 311 with 
the CCD camera 382 (second process). The error data for 
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compensating for the measured error is generated (third 
process) . 

Thereafter, the computer 350 corrects the hole 
coordinate data consisting of the coordinates for hole 
5 boring with the error data generated by the third process 
to generate the actual processing data consisting of the 
coordinates of the hole to be bored actually (fourth 
process). On the basis of the actual processing data, the 
galvano-head data for driving the ga I vano-heads 370A, 370B 

10 is generated (fifth process), the table data for driving 
the X-Y table 380 is generated (sixth process), and the 
laser data of the timing for oscillating the laser 360 is 
also generated (seventh process). This data thus generated 
is then stored temporarily in the memory section 352 and 

15 drives the X-Y table 380, laser 360 and ga I vano-heads 370A, 
370B on the basis of the data for the purpose of actual 
hole boring process. 

Generation of the galvano-data used in the fifth 
process will be explained in more detail with reference to 

20 Fig. 15 showing the flowchart of this process. 

At the time of manufacturing a plurality of 
multilayer printed wiring boards by multiple chamfering of 
the substrate, it may be thought reasonable to conduct the 
hole boring process with the same pattern in order to 

25 simultaneously bore the holes of two sheets of the 

multilayer printed wiring board in the same shape with the 
side A galvano-head 370A and side B galvano-head 370B. 
However, since the positional accuracy of the hole boring 
process is 20jjjti, it is required to position the adjacent 
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two multilayer printed wiring boards of the same shape to 
the accuracy of 20 \m but it is very difficult. Therefore, 
in this embodiment, the holes are bored on the side A 
galvano-head 370A differently from those on the side B 
5 galvano-head 370B. The process for this purpose is 

conducted by the process shown in Fig. 15 to be explained 
I ater. 

First, the computer 350 determines, from the 
coordinates of each hole of the actual processing data, 

10 whether each hole should be processed by the side A 

galvano-head 370A or side B galvano-head 370B (S12). When 
a hole is bored with the side A galvano-head 370A (YES in 
the step S14), it is also judged whether or not the hole 
boring process should be conducted by the side A galvano- 

15 head 370A (step S16) at the timing where the laser beam is 
supplied from the laser 360 and the hole boring process is 
conducted by the side B galvano-head 370B which is the 
other galvano-head. 

Here, when the boring is not conducted (NO in the 

20 step S16), the rotating positions (scanning position) of 
the X axis motor 374X and Y axis motor 374Y are set (S18) 
to radiate the laser beam to the position deviated from the 
substrate 310, namely to the area outside the processing 
object area of the multilayer printed wiring board with the 

25 ga I vano-mi rrors 372X, 372Y. On the other hand, when the 
boring is conducted (YES in the step S16), the rotating 
positions (scanning positions) of the X axis motor 374X, Y 
axis motor 374Y are calculated to radiate the laser beam to 
the coordinates positions of the target holes with the 
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galvano-mirrors 372X, 372Y (S20, S22) . In the case of 
processing with the side B ga I vano-head 370B (NO in S14) f 
the similar processes (S26, S28, S30 f S32) are conducted. 
When above processes are completed for the coordinates of 
5 all holes of the actual processing data (YES in S34) , all 
processes are completed. 

Subsequently, manufacturing of the multilayer printed 
wi r ing board ut i I izing the mult i layer pr inted wi r ing board 
manufacturing apparatus in relation to [the third] th i s 

10 embodiment of the present invention will be explained with 
reference to Fig. 4 and Fig. 5 which have also been 
referred to for explanation about the manufacturing process 
of the [first] af orement i oned embodiment. 

The processes (A) to (C) are similar to the [first] 

15 af orement i oned embodiment and the same explanation is not 
repeated here. After completion of the process (C) , the 
substrate 10 is placed on the X-Y table 380 shown in Fig. 
12 and the pulse beam of 50|u sec is radiated to the 
substrate 10 i n an output of 400W from the laser oscillator 

20 360. This light beam forms a hole 20 for via hole to the 
bonding agent layer 16 of the substrate (refer to the 
process (D) ) . 

In this embodiment, 5000 holes are bored at random on 
the substrate (500mm x 500mm). Here, as explained above, 
25 the scanning area of respective galvano-mirrors i s 30 x 
30mm as explained above and the positioning speed 400 
points/sec within the scanning area. On the other hand, 
the number of step areas of the X-Y table 380 is 289 (17 x 

17). The moving speed of the X-Y table 380 is 15000 
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mm/min. Meanwhile, the recognizing time of the four target 
marks 11 by the CCD camera 382 is 9 seconds including the 
moving time of the table 380. 

When the substrate 10 is processed by this 
5 manufacturing apparatus, the processing time is 134 

seconds. In the manufacturing apparatus in the [first and 
second] af orement i oned embodiments in which only one 
galvano-head is used, the processing time is 269.5 seconds. 
As explained above, the processing time can be reduced to a 

10 half in the present invention without changing the table 
size. The explanation about the processes (E) to (H) is 
not repeated here because it is similar to that in the 
[first] af orement i oned embodiment. 

Subsequently, the manufacturing apparatus in relation 

15 to the modification example of [the third] thi s embodiment 
of the present invention will be explained with reference 
to Fig. 16. In [the third] th i s embodiment explained with 
reference to Fig. 12, two units of the ga I vano-heads 370A, 
370B are provided. Meanwhile, in [the third] th i s 

20 embodiment, three units of the ga I vano-heads 370A, 370B, 
370C are provided. In this example of modification, the 
light beam having the power equal to 1/3 the power of the 
light from the laser 360 is supplied to the side A galvano- 
head 370A via the beam splitter 364A which distributes the 

25 incident light beam in the power ratio of 1:2. Moreover, 
the I ight beam having the power equal to 1/3 the power of 
the beam from the beam splitter 364A is supplied to the 
side B galvano-head 370B via the beam splitter 364A which 
distributes the beam in the power ratio of 1 : 1 and moreover 
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the light beam having the power equal to 1/3 is also 
supplied to the side C galvano-head 370C by means of the 
mirror 366. 

In the manufacturing apparatus of the modification 
5 example of this [third] embodiment, the hole boring time by 
laser can be reduced to 1/3. In this embodiment, three 
units of the galvano-head are used but it is also possible 
to use four or more units of galvano-head by adjusting the 
power ratio of the beams distributed by the beam splitter. 

10 Next, the manufacturing apparatus in relation to the 

other modification example of [the third] th i s embodiment 
of the present invention wi I I be explained with reference 
to Fig. 17. In [the third] th i s embodiment , as explained 
with reference to Fig. 12, a unit of transfer mask 362 is 

15 arranged between the laser oscillator 360 and beam splitter 
364. On the other hand, in the manufacturing apparatus of 
[the third] thi s embodiment, the transfer masks 362A, 362B 
are arranged respectively between the beam splitter 364 and 
galvano-heads 370A, 370B. 

20 In the structure of the profile explained above with 

reference to Fig. 12, only one transfer mask 362 is used, 
however, the optical path length up to the substrate 310 
from the transfer mask 362 in the case of the side A 
galvano-head 370A is different from that in the case of 

25 side B galvano-head 370B. Therefore, it is required that 
the distance up to the side A galvano-head 370A from the 
substrate 310 is set different from the distance up to the 
side B galvano-head 370B. Meanwhile, in the structure of 
the other modification example shown in Fig. 17, the 
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optical path length up to the substrate 310 from the 
transfer mask 362 is equal in both the case of the side A 
ga I vano-head 370A and the s i de B ga I vano-head 370B. 
Therefore, the distance from the substrate 310 to the side 
5 A gal vano-head 370A can be set equal to the distance up to 
the side B gal vano-head 370B. 

In the [second and third] embodiments explained 
above, the present invention is applied to a multilayer 
printed wiring board manufacturing apparatus, however, the 

10 present invention can also be applied to various kinds of 
laser processing apparatuses. Moreover, a gal vano-head is 
used as the scanning head but a polygon mirror can also be 
used. In addition, the C0 2 laser is used as the laser 
oscillator, but various types of laser may also be used. 

15 According to the apparatus of the [third] I ast 

ment i oned embodiment, the processing speed can be improved 
by utilizing the X-Y table for placing the single gal vano- 
head of the related art. Namely, it is also possible to 
prepare a plurality of ga I vano-heads and provide the laser 

20 oscillator to these heads. In this case, the apparatus 
size such as the X-Y table inevitably increases. However, 
in [the third] th i s embodiment, since a single laser 
oscillator is used, the apparatus size is not increased. 

Moreover, the area of the X-Y table can be set to the 

25 size of only one work piece by processing only one work 
piece (multilayer printed wiring board) with two or more 
scanning heads and thereby the processing speed can be 
enhanced without increase in size of the apparatus. 
Effect of the I nvent i on 
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